Introduction
Within a few years after the first report, 1 catheter ablation of atrial fibrillation by pulmonary vein (PV) isolation has emerged as one of the most frequently performed invasive interventions in cardiology world-wide. While it is believed that the benefits of this therapy generally outweigh the risks in properly selected patients, 2 these risks so far have been assessed mostly in retrospective, non-comparative studies, [3] [4] [5] [6] [7] [8] [9] voluntary registries, [10] [11] [12] and controlled trials. [13] [14] [15] All these analyses are biased by patient selection and may underestimate the true risk in a 'real world' situation. What is needed is complication assessment in a large, unselected, population-based patient cohort. There are few nationwide cohort studies of administrative data on complications associated with catheter ablation of atrial fibrillation in the United States. Yet, they are either based on procedures in the years 2000-2010, representing early clinical experience with this then new invasive treatment strategy, 16 or reflect a nation-wide subgroup of patients only as in more recent analyses of Medicare beneficiaries. 17, 18 Atrial flutter often coexists with or precedes atrial fibrillation. 19 The risk of catheter ablation for atrial flutter, generally assumed to be low, has been reported for cavo-tricuspid isthmus dependent atrial flutter in a meta-analysis of 158 studies in 10 719 patients. 20 Far less is known about atypical flutter, which may account for 21% of all flutter cases. 21 With the introduction of a diagnosis and procedure related remuneration system in Germany in 2004, known as the German Diagnosis Related Groups (G-DRG) system, it has become mandatory for all German hospitals to transfer patient data on diagnoses, coexisting conditions, and procedures of all consecutive cases to the Institute for the Hospital Remuneration System (InEK, Siegburg, Germany). All diagnoses are coded according to the ICD-10-GM (German modification), and procedures are coded according to the German Operation and Procedure Classification (OPS). Coding of ablation of atrial fibrillation and/or atrial flutter is well differentiated with respect to energy source and location of the cardiac structure targeted for ablation. It has thus become possible to track all kinds of complications until hospital discharge in a differential fashion applying a nationwide approach.
This current report is based on the population of all patients with a German health insurance undergoing atrial fibrillation and/or atrial flutter ablation in Germany in 2014, well-established procedures by that time. As provider experience markedly influenced the rate of complications in a prior report, 16 we also assessed the relation between the centre ablation volume and the associated complication rates.
Methods

Data source
Analyses were performed on our behalf by the Research Data Center (RDC) of the Federal Statistical Office and the Statistical Offices of the Federal States in Wiesbaden, Germany. Analysis requests based on DRG Statistics 2014 were submitted to this institute on the basis of SAS codes (SAS software, version 9.2; SAS Institute) for own calculations, and results were reported back to the investigators from the institute. In case of reported frequencies unequal to zero but too low to maintain data anonymity (typically <3 counts per table cell), these data were blinded by the RDC. In such cases, blinded data were considered as zero for analysis purposes, except where stated otherwise.
Study oversight and support
There was no commercial support for conduction of the research or the preparation of this report. Given the strictly anonymized data analysis based on aggregate administrative data, ethics committee approval was determined not to be required in accordance with German law. Tables S1, S2, S3) .
Diagnoses and procedural codes
Using the distinctly differentiating OPS codes, we created four separate, disjunct groups of cases for left atrial ablation, stratified by the source and location of energy application, and one group for isolated right atrial ablations. The groups were defined as follows (detailed OPS codes used for patient selection are provided in Supplementary material online, Table S1 ):
Group 1: Pulmonary vein isolation and/or left atrial ablation using cryo energy (Cryoablation). Group 2: Isolated pulmonary vein isolation with any kind of energy source except for cryo energy: conventional radiofrequency (RF) with or without irrigated tip catheters, RF applied by multi-electrode catheters, or three-dimensional mapping with pressure monitoring during energy application, bipolar phased RF; other energies (ultrasound, microwave, and laser with endovascular endoscopic guidance). Ablation sites other than pulmonary veins are excluded (PV isolation). Group 3: Ablation in the left atrium using any kind of energy source except for cryo energy (for details see Group 2). Additional pulmonary vein isolation is included (LA ablation). Group 4: Ablation of pulmonary veins and/or in the left atrium in combination with ablation in the right atrium using any kind of energy source except cryo energy (LA þ RA ablation). Group 5: Isolated right atrial ablation using any kind of energy source (RA ablation).
Statistical analysis
For each pre-specified group of patients, or each pre-specified stratum thereof, we obtained aggregate data on the presence of comorbidities and any occurrence of complications from the RDC, averaged across the respective group. All discrete data are expressed as absolute and relative frequencies. All continuous data are presented as mean ± standard deviation. Partly, individual groups or strata were merged; thereby, continuous average variables were weighted for the sizes of the underlying groups. We compared differences between groups by Fisher's exact tests or Student's t-test, as appropriate.
Of particular note, the aggregate data structure prevented us from analysing individual level information. We were thus not able to calculate models accounting for the possibly confounding distribution of covariates as done in prior work. 16, 17 All P-values are two-sided and P-values <0.05
were considered significant. Analyses were conducted using STATA 12.0 (Stata Corp, College Station, TX, USA). 
Results
Between 1 January and 31 December 2014, a total of 44 923 cases with a primary or secondary diagnosis of atrial fibrillation/atrial flutter undergoing endovascular catheter ablation were admitted to a German hospital (see flow chart in Figure 1 ). After exclusion of cases with other sites of ablation or undetermined site or energy source, 33 385 cases were selected as study cohort, divided into five groups as described in the Methods section. These cases were coded as defined in Germany in 2014 and were analysed for the occurrence of the following eight distinct complications defined according to the ICD-10-GM (Supplementary material online, Table S2 ) accumulating to the overall complication rate: inhospital death, pericardial effusion, stroke, pneumonia, phrenic nerve injury, access site complications, cardiac arrest, and atrioventricular (AV) block III . For calculation of major complications only, pericardial effusion was exchanged for the need of pericardial drainage, and access site complications were exchanged for the need of transfusion or vascular intervention/surgery. The rates of these eight overall in-hospital complications are provided in Table 1 for the total of 33 385 cases stratified by five prespecified subgroups. For ablation of atrial fibrillation by pulmonary vein isolation and/or ablation of left atrial substrate, complications varied between a subgroup mean of 11.7% and 13.8%, with an average rate of 12.6% (Table 1, left four columns). Individual complications were a mean of 7.1% for access site complications defined as bleeding, haematoma, shock, infection, and vascular complications. Pericardial effusion occurred in 3.5%, pneumonia in 0.8%, stroke in 0.6%, and AV block III in 0.3%. In-hospital death occurred in 18 cases (0.09%). Considering major complications only, the mean rate of adjudicated complications amounted to 5.1% (Table 1) . Oesophageal perforation, pulmonary embolism, and endocarditis occurred too rarely for analysis. Cryoablation and RF ablation for PV isolation (Groups 1 and 2) was associated with a very similar rate of both overall (12.3% vs. 11 .7%, P = 0.45) and major complications (3.8% vs. 4 .2%, P = 0.43).
Comparison of the four groups of cases undergoing left atrial ablations revealed that structural modification within the left atrium itself, eventually in addition to PV isolation (Group 3), was associated with higher overall and major complication rates than in cases undergoing PV isolation only by cryo-or RF energy (Groups 1, 2, and 4 vs. Group 3; P = 0.001 for overall and P < 0.001 for major complications). Complications in patients undergoing both left and right atrial ablations displayed a complication pattern more similar to other forms of left atrial ablations than to the group of isolated right atrial ablations.
For isolated right atrial ablations (13 871 cases, Table 1 , right column), the average overall complication rate (10.5%) was significantly lower than for left atrial ablations (12.6%, P < 0.001). Access site complications (3.9%), pneumonia (2.0%), pericardial effusion (1.7%), AV block III (1.6%), and stroke (0.5%) were the predominating complications. The rate of major complications was significantly higher in right compared with left atrial ablations (7.4% vs. 5.1%; P < 0.001). Of particular note, in-hospital death occurred in 47 cases of isolated right atrial ablation (0.34%), an incidence four times higher than following left atrial ablation (0.09%, P < 0.001). In Figure 2 , the incidence of individual complication rates is compared between any isolated left atrial ablation procedure and isolated right atrial ablations: whereas access site complications, pericardial effusions, and pericardial drainage occurred more frequently following left atrial procedures, in-hospital death, pneumonia, cardiac arrest, and AV block III were more frequently observed with isolated right atrial ablations (P < 0.001 for all mentioned complications).
To assess the impact of ablation centre experience, complications were stratified with respect to the number of annually performed cases per institution for isolated left and isolated right atrial ablations ( Table 2) . Only 0.2%, 1.5%, and 3.7% of cases, respectively, were treated in hospitals with a left atrial ablation volume of < _25 cases, 26-50 cases, and 51-100 cases, respectively. The overall complication rates for these strata ranged between 13.2% and 18.2%. In centres performing >100 left atrial procedures per year, there was a significant drop in overall complication rates from 16.4% to 12.7% (P = 0.002; Figure 3 , left upper panel; Table 2 ), whereas no such drop was noted for major complications (P = 0.86; Figure 3 , left lower panel; Table 2 ). For isolated right atrial ablations, no impact of centre ablation volume on both overall and major complication rate was apparent ( Figure 3 , right upper and lower panels; Table 2) .
To inform about possible explanations for the unexpectedly high rate of serious complications following isolated right atrial ablation including death, aggregate patient characteristics were compared between patients receiving any left vs. any right atrial ablation procedure (Table 3) .
First, among patients undergoing left atrial ablations, no major differences were noted between Groups 1 through 4. As a trend however, cases with more complex left atrial ablation procedures (Groups 3 and 4) compared with pulmonary vein isolation procedures only (Groups 1 and 2), less likely presented with paroxysmal atrial fibrillation, but presented more likely with persistent and permanent atrial fibrillation or atrial flutter, and more likely had chronic kidney disease and heart failure. In addition, their hospital stays tended to be longer.
Second, patients receiving isolated right atrial procedures for atrial flutter were 3.9 years older on average, and were more frequently males. A significantly higher prevalence (P < 0.001 for all mentioned comparisons) of chronic obstructive pulmonary disease, pulmonary hypertension, diabetes mellitus, chronic kidney disease, coronary artery disease, dilative cardiomyopathy, heart failure, aortic stenosis, mitral valve disease, and peripheral artery disease were noted for those undergoing right atrial ablations. In addition, patients receiving right atrial ablations were characterized by significantly longer hospital stays.
Finally, we compared the aggregate characteristics of cases experiencing the major complications of death, pneumonia, cardiac arrest, and AV block III to those without, following right atrial ablation ( Table 4) . The 47 patients dying in hospital were 4.4 years older on average, including 10 individuals more than 80 years old. Of the 47 patients, 31 had heart failure, 27 had coronary artery disease, 23 had chronic kidney disease, 21 had diabetes mellitus, 10 had chronic obstructive pulmonary disease, 8 had mitral valve disease, 6 had peripheral artery disease, and 5 had pulmonary artery hypertension (see left column of Table 4 , all significantly different from controls). A similar pattern of highly prevalent comorbidity was observed in patients experiencing cardiac arrest and pneumonia, and to a somewhat lower degree in patients with AV block III (see Table 4 ).
Discussion
We present nationwide data regarding complications of catheter ablation for atrial fibrillation and atrial flutter in a 'real world scenario' of all patients undergoing these procedures in Germany. Our results, unbiased by insurance status, geographic substratification, or 
Atrial fibrillation
One major finding of our study is a high overall in-hospital complication rate ranging from a mean of 11.7% to 13.8% depending on the site and energy applied for left atrial ablation procedures, and a major complication rate ranging from a mean of 3.8% to 7.2%. In the literature, periprocedural complication rates are reported to range from 1% to 8%, depending on the type of study and definitions of complications. 3, 22, 23 Retrospective clinical studies conducted at experienced centres and registries focusing on major complications have reported lower rates between 3.9% and 4.5%. 4 ,10 Yet, the incidence of vascular complications alone may vary markedly 23 with female sex, age >75 years, and presence of hypertensive heart disease being associated with a higher risk for complications. 4, 5, 24 Interestingly, a nationwide cohort study of administrative data like ours, performed in the earlier years of catheter ablation in the USA, showed a combined vascular complication rate of 3.4%, consisting of haemorrhage, haematoma, vascular complications requiring surgical repair, and accidental arterial puncture. 16 Over a time period from 2000 to 2011, the rate of complications increased from 5.3% to 7.5%. 16 Even in elderly
Medicare beneficiaries, no more than 4.1% of patients experienced serious complications in one study, 17 whereas an overall complication rate of 9.1%, increasing from 6.7% in 2001 to 10.1% in 2006 was noted in another. 18 It is tempting to assume that the relatively high rate of access site complications in our study of 2014 also reflect the adverse consequences of current strategies to maintain strict anticoagulation throughout the procedure for prevention of stroke. Of note, our assessment of both overall and major in-hospital complications did not reveal any relevant differences between cryoenergy and RF-energy used for PV isolation, well in accordance with a recent large randomized clinical trial where the primary safety endpoint, a composite of death, cerebrovascular events, and serious treatment-related adverse events after a mean-follow-up of 1.5 years, was also not different. 15 Our report eliminates any patient selection bias through administrative data analysis of a complete data set of a large, unselected, and consecutive patient population in an entire country. It focusses on a recent data basis, and evaluates all complications using a uniform coding system for all hospitals in the country, thereby best representing the 'real world' in the year 2014 in Germany.
Our data also indicate that in institutions with an ablation volume of >100 left atrial ablation procedures per year, the overall complication rate is significantly lower than in low volume centres as a surrogate of different levels of experience; however, this reduction was not seen for major complications. These data partially confirm prior 
work, 10, 12, 16 and further substantiate consensus recommendations to restrict left atrial ablation to centres with a volume of >100 procedures per year. 2, [25] [26] [27] Of note, only a minority of 0.2%, 1.5%, and 3.7% of interventions, respectively, were performed in institutions with a left atrial ablation volume of < _25, 26-50, and 51-100 procedures per year, respectively. This is in sharp contrast to data from the United States for the years 2000-2010, where 68.2% and 85, 6% of procedures were performed in hospitals with a volume of < _50 and < _100 procedures per year. 16 Our data do not allow to analyse the effect of ablation volume per individual operator as it has been reported in the US study. 16 Nevertheless, from the standpoint of safety it is rewarding to see that the vast majority (>90%) of procedures is actually being performed in high volume centres.
Atrial flutter
Cavo-tricuspid isthmus ablation for the treatment of atrial flutter is a seemingly easy-to-do procedure associated with a low risk of acute complications of 2.6%, based on a meta-analysis of 158 studies with limitations due to patient selection and reporting bias. 20 Our study of 13 871 unselected patients for atrial flutter ablation revealed an overall rate of complications slightly lower than for left atrial ablations. However, more frequent serious complications were noted quite unexpectedly ( Table 1) . Our definition of atrial flutter included typical and atypical flutter, as well as atrial flutter and fibrillation. Sinus tachycardia, atrial tachycardia, AV nodal and AV re-entry tachycardias were excluded. The German OPS system only allows to code 'right atrial ablation'. Therefore, non-isthmus-dependent right atrial flutter cases are included as one of the possible explanations for the higher complication rates in our atrial flutter cases. Lower rates of pericardial effusions and access site complications compared with longer-lasting left atrial ablation procedures with tight control of anticoagulation regimen appear comprehensible (see Figure 2) , and higher rates of AV block III may be explained by the proximity of the right atrial isthmus and the AV junction. The occurrence of a few cases of phrenic nerve injury, though significantly less frequent compared with left atrial ablation, can be interpreted by our definition of atrial flutter: given the anatomic variability of the phrenic nerve, injury may occur during isolation of the superior vena cava or possibly ..................................................................................................................................... ...................................................................................................................................... .2) 11 (4-18) (4.2) 27 (17-37) (4.0) 80 (62-98) (8.9) 433 (392-474) (10.1) 445 (404-486) (7.5) Major complications are marked by an asterisk (*). Complications are presented as incidence (percentage), stratified by centre ablation volume and by any pulmonary vein isolation and/or left atrial ablation or isolated right atrial ablation. Centre ablation volume was categorized by centres performing < _25, 26-50, 51-100, 101-300, or >300 of the respective procedures.
For Table 2 , Group 4 (additional right atrial ablation) is eliminated from the analysis on the left of the table, but the sum (17 349 procedures) is more than the sum of Groups 1-3 (17 111 procedures), as in 238 cases both cryo-energy and RF energy were applied, which are not represented in Table 1 .
n.a., not assessed (indicates table cell with too few observations for display due to data protection policies). also during ablation of scar-related, non-isthmus-dependent right atrial flutter. 28, 29 However, the significantly increased rates of pneumonia, cardiac arrest, and-most importantly-in-hospital death, are less intuitively understood. In contrast to left atrial ablations, where a presumed higher experience accounted for a reduction of at least overall complications in high volume centres, the centre ablation volume for right atrial ablations-generally considered straightforward-appeared not to be a safety factor for both overall and major complications ( Figure 3) . In fact, 40 of the 47 in-hospital deaths occurred in high volume centres with >100 isolated right atrial ablation cases per year. Based on our data, one may speculate whether the absence of an expected reduction of complication rates in high volume centres-as seen for right atrial ablations and regarding major complications also for left atrial ablations-is in part due to higher work load, heterogeneous training levels among the ablationist staff, more aggressive procedure protocols, and more challenging anticoagulation strategies. However, the most likely explanation for high rates of in-hospital death, pneumonia, cardiac arrest, and AV block III after isolated right atrial ablations is older patient age combined with advanced cardiac, pulmonary, and vascular comorbidities, as shown in Tables 3 and 4 . A meta-analysis in 2009 on 10 719 patients with common atrial flutter and a mean age of 59.8 ± 0.5 years reported an acute complication rate of 2.6%. 20 It appears that because of this perceived low risk and the straightforward procedure of cavo-tricuspid isthmus ablation for atrial flutter, also older patients with relevant comorbidities are nowadays accepted in general for ablation. This becomes evident in our study by a mean age of 67.2 ± 11.9 years, compared with a mean age of 63.3 ± 10.8 years for patients undergoing left atrial ablation ( Table 3) . Patients actually affected by serious complications had an even higher mean age ( complete nationwide set of aggregate, anonymized data will prompt clinical studies investigating the specific causes and circumstances of complications in elderly patients with comorbidities undergoing catheter ablation for atrial flutter.
Strengths and limitations of this analysis
Analysing all left and right atrial ablation cases in Germany for 2014, the bias of patient selection inherent to retrospective studies, voluntary registries, and controlled trials is avoided, and thus a nationwide 'real world' situation is presented. As in previous studies, overall and major complications were calculated as the cumulative sum of individual complications. However, as one single patient may also experience two or more complications, the percentage of affected patients may be somewhat smaller compared with the presented rates of overall and major complications. One limitation is that our analysis of administrative data may be subject to miscoding of ICD codes. However, between 15% and 20% of all annual cases in the cardiovascular field are re-evaluated by independent physicians from health insurance providers to assure appropriate coding and thereby correct reimbursement. Any omition of procedure codes is unlikely since this would have a direct and markedly negative effect on hospital reimbursement. Systematic overcoding should not escape independent physician control, but cannot entirely be excluded. Further, our analysis handles raw aggregate, anonymized data, cannot rely on individual patient information, and precludes any adjustment for covariates. Table cells with too few observations were blinded administratively by the RDC to ensure anonymity, and this process may lead to an underestimation of complication rates in small groups of patients. Finally, only in-hospital complications are considered in our analysis. Thus, any serious complications manifesting after hospital discharge, like atrio-oesophageal fistula, delayed pericardial tamponade, and pulmonary vein stenosis is overlooked. Also, if a patient is not discharged home, but transferred to another in-hospital department, for example for emergency cardiac surgery, the outcome is not reported. Therefore, this analysis might have underestimated some serious complications including death, which might have occurred after hospital discharge or after transferral to another hospital or medical department.
Conclusions
In an administrative data analysis of all patients undergoing ablation of atrial fibrillation in Germany in 2014, both the overall and major complication rates are higher than reported previously. Similar analyses in different European countries are strongly encouraged. In Germany, only a minority of patients were treated in low ablation volume hospitals with a procedure volume < _100 per year, and vice versa, the vast majority received care in high volume centres. This went along with a reduction of overall complications. Isolated right atrial ablation for atrial flutter when compared with left atrial ablations was associated with a somewhat lower overall complication rate, but was associated with a hitherto unknown high rate of serious or lifethreatening complications including cardiac arrest, pneumonia, AV block III , and an up to four times higher rate of in-hospital death.
This is most probably due to the fact that because of the seemingly low risk attributed to right atrial flutter ablations reported in the literature in younger patients, the indications for such ablations of atrial flutter have been extended in Germany to more elderly patients with an advanced comorbidity profile. Hence, a word of caution appears warranted in this respect.
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